J 


Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 


iiiiiiiiiiiiii 

® Publication number: 0 488 358 A1 


EUROPEAN PATENT APPLICATION 


<5) Application number: 91120498.0 
<§) Date of filing: 29.11.91 


® int. CI* F16H 61/14 


© Priority: 30.1 1. 90 JP 333645/90 

@ Applicant: TOYOTA JIDOSHA KABUSHIKI 

10.12.90 JP 409754/90 

KAISHA 

10.12.90 JP 409755/90 

1, Toyota-cho Toyota-shi 


Alchi-ken(JP) 

© Date of publication of application: 

@ Inventor: Murata, Kiyohito, c/o Toyota Jidosha 

03.06.92 Bulletin 92/23 


K.K. 

© Designated Contracting States: 

1, Toyota-cho 

DE FR GB 

Toyota-shi, Aichi-ken(JP) 


© Representative: Tiedtke, Harro, Dipl.-lng. et al 


Patentanwalte Tiedtke-Buhling- Kinne & 


Partner Bavariaring 4 POB 20 24 03 


W-8000 Munchen 2(DE) 


© Control system and method for automatic transmission. 


00 

in 

CO 

oo 
oo 


LU 


© A control system for use in an automatic trans- 
mission (2) which is connected to an engine (1) 
comprises: a fluid coupling (7) for transmitting a 
torque between an input member (5) and an output 
member (6); a lock-up clutch (8) adapted to be 
selectively engaged with and released from the input 
member (5); and a variable capacity type viscous 
coupling (9) arranged in series between the lock-up 
clutch (8) and the output member (6). The control 
system comprises: a lock-up detector (11) for de- 
tecting that the lock-up clutch (8) is engaged; an 
output state detector (10) for detecting an output 
state of the engine (1); a torque transmission capac- 
ity determiner (12) for determining a torque trans- 
mission capacity of the variable capacity type vis- 
cous coupling (9) in accordance with the output state 
of the engine (1) which is detected by the output 
state detector (10), if the lock-up detecting means 
(11) detects that the lock-up clutch (8) is engaged; 
and a mechanism (12) for setting the torque trans- 
mission capacity of the variable capacity type vis- 
cous coupling (9) to said determined torque trans- 
mission capacity. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a technology 
for controlling an automatic transmission including 
a fluid coupling such as a torque converter and, 
more particularly, to a technology for controlling a 
variable capacity type viscous coupling arranged in 
parallel relationship with the fluid coupling. 

The characteristics of a vehicle provided with 
an automatic transmission such as the 
starting/running performances or the fuel economy 
are highly influenced by the characteristics not only 
of an engine but also of the automatic transmission, 
as is well known in the art. 

For example, Fig. 26 is a diagram plotting the 
engine characteristics in terms of the relation be- 
tween the rotational speed and the torque. A low 
speed type engine (E/G) has a higher torque at a 
lower speed side than 4,000 to 5,000 r.p.m., but a 
high speed type engine (E/G) has a higher torque 
at a higher speed. 

On the other hand, Figs. 27 to 30 are diagrams 
plotting the general characteristics of the torque 
converter. As could be seen especially from Figs. 
27, 28 and 29, the lower capacity type torque 
converter has the higher torque ratio at a lower 
speed ratio e at a start or acceleration so that it 
can produce the higher output torque with respect 
to an input torque. 

If, therefore, a low capacity type torque con- 
verter is connected to a high speed type engine, 
the so-called "power run" can be achieved while 
the rotational speed of the engine is held at a 
reasonably high level by depressing the accelerator 
pedal. As could also be seen from Fig. 30, the low 
capacity type torque converter can utilize the maxi- 
mum range of the engine torque so that starting 
acceleration is further improved. 

In order to improve the mileage of the vehicle, 
on the other hand, it is preferable to use a highly 
efficient torque converter and accordingly a high 
capacity type torque converter. As could be seen 
from Fig. 27, 28 or 29, the higher capacity type 
torque converter exhibits higher values in torque 
transmission efficiency when the speed ratio and 
the input rotational speed are at a somewhat high 
level. In an ordinary run with exception of a starting 
or extreme acceleration, the speed ratio is approxi- 
mately at "1", and the engine rotational speed is 
about 2.000 to 4,000 r.p.m. so that the higher 
capacity type torque converter can create a more 
efficient run. 

Here, what is required for the vehicle is prefer- 
ably to satisfy neither the starting/accelerating per- 
formances nor the mileage in the aforementioned 
contrary relationship but to satisfy both of them 
simultaneously. Since, however, the characteristics 
of the torque converter are determined by capacity 


factors such as the external diameter of a pump 
impeller or turbine-runner, the structure of a blade 
or the structure of a stator. it is difficult for the 
existing torque converter to satisfy those contradic- 

5 tory characteristics. 

In the prior art, therefore, a variable capacity 
type torque converter capable of varying the torque 
transmission capacity has been proposed in Japa- 
nese Patent Laid-Open No. 150066/1989. 

10 This torque converter is enabled to change its 

performance curve by dividing a stator into a plu- 
rality of parts, by connecting the individual stator 
parts to a predetermined stationary portion by 
clutches, and by controlling the clutches. As a 

75 result, the torque transmission capacity can be 
stepwise varied in accordance with the degree of 
throttle opening. 

In the torque converter disclosed in the afore- 
mentioned Laid-Open, however, the torque trans- 

20 mission capacity is varied by suitably releasing a 
clutch which holds any of the divided stators to 
eliminate a reaction of that stator. As a result, the 
torque transmission capacity to be set is restricted 
to the number of divided stators so that it cannot 

25 effectively function for all the various running 
modes. Moreover, it frequently occurs that the opti- 
mum point of the engine torque cannot be used. 

If, on the other hand, the number of divisions of 
the stator is increased to eliminate such disadvan- 

30 tages, it is accordingly necessary to increase the 
number of one-way clutches for holding the stator 
parts directly and the number of clutches for con- 
trolling the engagement/release. Then, the structure 
is complicated to raise a problem in the difficulty of 

35 control. 

In the prior art, on the other hand, the power 
loss to be caused by a slip in the torque converter 
is prevented to improve the mileage and the power 
performance by arranging a lock-up clutch in par- 

40 allel relationship with the torque converter and by 
engaging it in a lock-up range having a vehicle 
speed at a constant or higher value. 

With the lock-up clutch being engaged, the 
engine and the automatic transmission are in the 

45 so-called "mechanically direct lock-up" so that the 
vibrations due to the torque fluctuations of the 
engine are transmitted to the whole structure of the 
vehicle to deteriorate the riding comfort. Generally, 
therefore, the vibrations due to the torque fluc- 

50 tuations of the engine are absorbed by a slip of the 
torque converter by determining the lock-up range, 
by engaging the lock-up clutch when the vehicle 
running state comes into the lock-up range, and by 
releasing the lock-up clutch at a lower vehicle 

55 speed. 

Generally speaking, the vibrations caused by 
the engine grow more serious with the higher throt- 
tle opening. If the throttle opening is higher to 
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some extent, the lock-up clutch is released. With a 
relatively low throttle opening, however, the engine 
vibrations may increase, whereupon the lock-up 
clutch is subjected to a slip control. 

One example of this control is disclosed in 
Japanese Patent Laid-Open No. 157859/1982. The 
system disclosed in this Laid-Open is a transmis- 
sion system which is connected to a variable cyl- 
inder engine so that the slip percentage of the 
lock-up clutch is increased in a partial cylinder 
running mode having a reduced number of cyl- 
inders for combustions. In this partial cylinder run- 
ning mode, more specifically, the torque fluctu- 
ations are increased to perform the torque trans- 
mission mainly through the torque converter by 
increasing the slip of the lock-up clutch so that 
they are absorbed or decreased to prevent the 
deterioration of the riding comfort, 

Incidentally, the aforementioned variable cyl- 
inder engine is intended to improve the mileage 
under a light load. A similar engine is exemplified 
by an engine equipped with a lean combustion 
device. This device increases the air/fuel ratio un- 
der the light load and is equipped with a swirl 
control valve (as may be shortly referred to as the 
"SCV) in an intake passage for establishing in- 
tense swirls in the cylinders so as to stabilize the 
lean combustion. 

In these engines, the output torque is highly 
varied in accordance with the change in the num- 
ber of combustion cylinders and the open/closed of 
the SCV so that their characteristics are varied. As 
the engine having the variable output torque char- 
acteristics, there is known an engine which is 
equipped with a supercharge so that its output 
torque characteristics are discontinuous! y augment- 
ed unlike before if the supercharger is operated. 

The vehicle in which the automatic transmis- 
sion is connected to an engine having highly vari- 
able output characteristics is followed by various 
technical problems in accordance with the change 
in the output characteristics. In the invention as 
disclosed in the aforementioned Laid-Open, for ex- 
ample, the disadvantages caused by the fluctu- 
ations of the engine torque are eliminated by in- 
creasing the slip percentage of the lock-up clutch. 

Unlike the aforementioned invention, however, 
the vehicle having its automatic transmission con- 
nected to the aforementioned engine is accom- 
panied by serious problems when the output char- 
acteristics are changed to the higher torque. This 
point is not disclosed in the least in the aforemen- 
tioned Laid-Open. 

For example, here will be described the be- 
haviors of the engine and the automatic transmis- 
sion when the number of combustion cylinders is 
to be increased. 

The engine capable of varying the number of 


combustion cylinders has a main object to improve 
the mileage in a light load state when the throttle 
opening is relatively small, as has been described 
hereinbefore. Thus, the relation between the output 

5 rotational speed in the partial cylinder running 
mode, i.e., the input rotational speed of the auto- 
matic transmission and the torque is plotted by 
dash lines in Fig. 31 . 

If, on the contrary, the full cylinder running 

w mode is invited as the throttle opening increases, 
the relation between the input rotational speed and 
the torque is plotted by dash lines in Fig. 31. 

If the engine has a small throttle opening and 
runs in a partial cylinder running mode and if the 

15 speed ratio e of the torque converter at that time is 
at "0.5", this running mode is indicated by point A 
in Fig. 31. 

If the accelerator pedal is depressed from this 
state to augment the throttle opening, the running 

20 mode shifts to point B of Fig. 31 while assuming 
that the speed ratio e is constant. If, in this case, 
the running mode is changed to the full cylinder 
running mode as the throttle opening increases, the 
output characteristics of the engine are discontinu- 

25 ously changed from the preceding lower torque 
ones to the higher torque ones so that the engine 
torque is discontinuously augmented. As a result, 
the rotational speed of the input member, i.e., the 
pump impeller of the torque converter is abruptly 

30 augmented to approximate the speed ratio e tem- 
porarily to "0". as indicated by point C in Fig. 31 . 

Since, in this state, the torque ratio of the 
torque converter rises, the turbine runner as an 
output member establishes a high torque to have 

35 an increased rotational speed so that the speed 
ratio e is returned to "0.5", as indicated by point D 
in Fig. 31. 

If the engine torque is thus abruptly augment- 
ed, there occurs the so-called "temporary and 
40 abrupt rise of the engine rotational speed". 

If this rise occurs, a driver generally releases 
the accelerator pedal to reduce the throttle opening 
so that the running mode is shifted to point E of 
Fig. 31. If, in this case, the running mode is shifted 
45 to the partial cylinder one as a result of the reduc- 
tion in the throttle opening, the torque is further 
decreased, as indicated by point F in Fig. 31 . 

The operations thus far described will be de- 
scribed while stressing the actions of the driver, if 
so the driver depresses the accelerator pedal to aug- 
ment the torque, the engine torque is continuously 
augmented at first on the basis of the torque char- 
acteristics in the partial cylinder running mode. If, 
however, the throttle opening is large, the engine 
55 running mode is changed from the partial to full 
cylinder ones. As a result, the output characteris- 
tics are changed to the higher mode to augment 
the engine torque, and the torque ratio of the 
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torque converter is temporarily augmented to in- 
crease the driving force abruptly. 

This increase in the driving force exceeds the 
intention of the driver, and he instantly releases the 
accelerator pedal to reduce the throttle opening. 
The degree of release is sufficient to reduce the 
unintentional excessive driving force so that the 
throttle opening is considerably reduced. As a re- 
sult, the running mode is changed from the full to 
partial cylinder ones. Since the torque reduction in 
this case is due to the discontinuous reduction of 
the engine torque, it may frequently exceeds the 
driver's intention so that the driver depresses again 
the accelerator pedal. 

Fig. 32 plots the changes in the aforemen- 
tioned throttle opening 0 , engine torque T E and 
vehicle driving force T A in time series, tf the throttle 
opening is started at time ti to increase to a 
predetermined value at time k, the running mode 
is changed to the full cylinder one so that the 
engine torque T E and the vehicle driving force T A 
abruptly rise (at time b). The throttle opening 6 
continuously rises to time U, but the vehicle driving 
force T A is held substantially at a constant value as 
the torque ratio of the torque converter decreases. 

Since the vehicle driving force T A thus abruptly 
rises, the throttle opening is decreased at time U 
so that the engine torque T E and the vehicle driving 
force T A are accordingly decreased (at time fe). 
Then, the running mode is changed to the partial 
cylinder one so that the engine torque T E and the 
vehicle driving force T A are further decreased with- 
in a short time period to time . 

More specifically, if the number of combustion 
cylinders is increased with the increase in the 
throttle opening to change the output characteris- 
tics of the engine, the vehicle driving force T A 
extremely rises, as indicated by AT A in Fig. 32, so 
that the drivers may feel physical disorder. 

If the output torque characteristics changes, as 
described above, the unintended driving force is 
generated so that the driver has to frequently re- 
peat the depressing and releasing actions of the 
accelerator pedal, thus causing a problem that the 
vehicle is difficult to drive. 

Incidentally, the change in the output torque 
characteristics may occur not only in the aforemen- 
tioned variable cylinder engine but also in the lean 
combustion engine or in the engine equipped with 
the supercharger. The above-specified problems 
may likewise occur in the vehicle in which the 
automatic transmission is connected to such en- 
gine. 

In the torque converter having the lock-up 
clutch, on the other hand, the lock-up clutch is 
generally released, if the throttle opening is large, 
to prevent the vibrations due to the torque fluc- 
tuations of the engine. When, therefore, the engine 


torque is stepwise augmented with the increase in 
the throttle opening, the lock-up clutch is released. 
As a result, the torque transmission capacity of the 
entire transmission mechanism composed of the 
5 lock-up clutch and the torque converter is reduced 
to cause the abrupt rise of the engine rotational 
speed. 

SUMMARY OF THE INVENTION 

10 

An object of the present invention is to achieve 
an excellent running performance and a low fuel 
consumption. 

Another object of the present invention is to 
75 prevent abrupt rise of engine rotational speed and 
the frequent operations of an accelerator pedal. 

A further object of the present invention is to 
suppress the vibrations without deteriorating power 
performance. 

20 These objects can be achieved in an automatic 

transmission connected to an engine and compris- 
ing: a fluid coupling for transmitting a torque be- 
tween an input member and an output member; a 
lock-up clutch adapted to be selectively engaged 

25 with and released from the input member; and a 
variable capacity type viscous coupling arranged in 
series between the lock-up clutch and the output 
member, by detecting the output state of the en- 
gine when the lock-up clutch is engaged and by 

30 determining the torque transmission capacity of the 
variable capacity type viscous coupling on the ba- 
sis of the output state of the engine. Thus, the 
control system of the present invention comprises: 
lock-up detecting means for detecting that the lock- 

35 up clutch is engaged; output state detecting means 
for detecting an output state of the engine; torque 
transmission capacity determining means for de- 
tecting a torque transmission capacity of the vari- 
able capacity type viscous coupling in accordance 

40 with the output state of the engine which is de- 
tected by the output state detecting means, if the 
lock-up detecting means detects that the lock-up 
clutch is engaged; and a mechanism for setting the 
torque transmission capacity of the variable capac- 

45 ity type viscous coupling to the determined torque 
transmission capacity. 

The output state detecting means can detect 
the output state of the engine on the basis of the 
throttle opening. If, moreover, the engine is 

50 equipped with means for changing at least two 
output characteristics, i.e. , the higher characteris- 
tics and lower characteristics, the output state de- 
tecting means can be equipped with means for 
detecting the output characteristics of the engine. 

55 The torque transmission capacity determining 

means of the present invention can be equipped 
with means for determining the torque transmission 
capacity of the case in which the output char- 
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acteristics of the engine are the higher ones, to a 
smaller value than that of the case in which the 
output characteristics are the loner ones. On the 
contrary, the torque transmission capacity deter- 
mining means of the present invention can be 5 
equipped with means for determining the torque 
transmission capacity of the case in which the 
output characteristics of the engine are the lower 
ones, to a smaller value than that of the case in 
which the output characteristics are the higher to 
ones. 

The above and further objects and features of 
the present invention will more appear from the 
following detailed description when the same is 
read in connection with the accompanying draw- 15 
ings. It is expressly understood, however, that the 
drawings are for the purpose of illustration only and 
are not intended to define the limits of the inven- 
tion. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a block diagram showing a basic struc- 
ture of the present invention; 

Rg. 2 is a sectional view showing a portion of 25 
one example of a transmission mechanism of an 
automatic transmission to which the present in- 
vention is to be applied; 

Fig. 3 is a block diagram showing one example 
of an oil pressure circuit for controlling the 30 
torque transmission capacity of a viscous cou- 
pling; 

Rg. 4 is a block diagram for explaining main 
control means in an electronic control unit; 
Rg. 5 is a flow chart showing a control routine of 35 
the torque transmission capacity on the basis of 
the throttle opening; 

Rg. 6 is a map plotting the relations between 
the throttle opening and the torque transmission 
capacity; 40 
Rg. 7 is a diagram plotting the relations be- 
tween the rotational speed and the torque of an 
input shaft; 

Rg. 8 is a diagram plotting the relations be- 
tween the target pressure difference across a 45 
lock-up clutch and the torque transmission ca- 
pacity; 

Rg. 9 is a diagram plotting the relation between 
a corrected current and the oil pressure ob- 
tained by the former; 50 
Rg. 10 is a diagram showing the relation be- 
tween a current in a solenoid valve and a control 
pressure; 

Rg. 1 1 is a diagram showing the range of a slip 
control by the viscous coupling; 55 
Rg. 12 is a flow chart showing a control routine 
of the torque transmission capacity on the basis 
of the output characteristics of a variable cyl- 


inder engine; 

Fig. 13 is a diagram showing a map group for a 

full cylinder running mode for determining the 

torque transmission capacity; 

Fig. 14 is a diagram showing a map group for a 

partial cylinder running mode for determining 

the torque transmission capacity; 

Fig. 15 is a 0 - Cy diagram for explaining the 

difference between the maps for the full cylinder 

running mode and the partial cylinder running 

mode; 

Fig. 16 is a 0 - Cv diagram for explaining the 
difference between the characteristic curves at 
individual gear stages; 

Fig. 17 is a diagram plotting the changes in the 
running mode, that is, a characteristic curve 
diagram plotting the relations between input ro- 
tational speed and torque; 
Rg. 18 is a diagram plotting the relations be- 
tween speed ratio and torque ratio; 
Fig. 19 is a diagram showing, in time series, the 
changes in the throttle opening, the engine 
torque and the vehicle driving force according to 
the present invention; 

Rg. 20 is a flow chart showing a control routine 
for controlling the torque transmission capacity 
on the basis of the output characteristics of an 
engine equipped with a supercharger; 
Fig. 21 is a diagram showing a map group for a 
non-supercharged running mode for determining 
the torque transmission capacity; 
Fig. 22 is a diagram showing a map group for a 
supercharged running mode for determining the 
torque transmission capacity; 
Rg. 23 is a $ - Cy diagram for explaining the 
difference between the maps for the non-super- 
charged running mode and the supercharged 
running mode; 

Fig. 24 is a 0 - Cy diagram for explaining the 
difference between the characteristic curves at 
the individual gear stages; 
Fig. 25 is a diagram plotting the output torque 
characteristics of the engine and the characteris- 
tics of the transmission mechanism; 
Fig. 26 is a diagram plotting the model perfor- 
mance of the engine; 

Fig. 27 is a diagram plotting the model char- 
acteristics of the torque converter; 
Fig. 28 is a diagram plotting the general char- 
acteristics of torque converters having a dif- 
ferent torque transmission capacity; 
Fig. 29 is a diagram plotting the input char- 
acteristic curves of torque converters having a 
different torque transmission capacity; 
Fig. 30 is a diagram plotting the output char- 
acteristic curves of torque converters having a 
different torque transmission capacity; 
Fig. 31 is a diagram for explaining the changes 
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in the running mode of the system of the prior 
art. namely, a characteristic curve diagram plot- 
ting the relations between input rotational speed 
and torque; and 

Fig. 32 is a diagram plotting the changes in the 
throttle opening, the engine torque and the ve- 
hicle driving force in time series. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 is a block diagram showing a control 
system according to the present invention. An en- 
gine 1 is exemplified by an engine which is able to 
change the output characteristics to at least two 
modes of higher and lower ones such as an or- 
dinary engine having its output changing in accor- 
dance with a degree of throttle opening, a variable 
cylinder engine capable of changing the number of 
cylinders to cause combustions, a lean burn engine 
capable of running at a high air/fuel ratio, or an 
engine equipped with a supercharger. 

To the engine 1, there is connected an auto- 
matic transmission 2 which has a transmission 
mechanism 3 and a gear change mechanism 4. 
Moreover, the transmission mechanism 3 com- 
prises a torque converter 7 for torque transmis- 
sions between an input member 5 connected to the 
engine 1 and an output member 6 connected to the 
gear change mechanism 4, a lock-up clutch 8 
adapted to be engaged with and released from the 
input member 5, and a variable capacity type vis- 
cous coupling 9 arranged in series with the lock-up 
clutch 8. 

The engine 1 is controlled to have its output 
characteristics changed from lower to higher ones, 
namely, to have its output increased or decreased 
in accordance with throttle opening or to have its 
running mode changed to a full-cylinder run or a 
stoichiometric combustion when the throttle open- 
ing reaches a predetermined value. Thus, the con- 
trol system is equipped with an output state detec- 
tor 10 for detecting the output state thereof. On the 
other hand, the lock-up clutch 8 is engaged, for 
example, in a lock-up range, in which the vehicle 
speed is over a predetermined value whereas the 
throttle opening is below a predetermined value. 
Further included in the control system is a lock-up 
detector 1 1 for detecting that the lock-up clutch 8 
is engaged. 

Moreover, the variable capacity type viscous 
coupling 9 transmits torque through shearing resis- 
tance of highly viscous fluid confined therein and 
has its torque transmission capacity varied by 
changing either the pressure of the highly viscous 
fluid or the gap between a pair of rotary members 
for imparting the shearing force to the highly vis- 
cous fluid. Further included in the control system is 


a torque transmission capacity setter 12 for varying 
the torque transmission capacity. 

Further included in the control system is a 
torque transmission capacity determiner 13 for out- 

5 putting a command signal to the torque transmis- 
sion capacity setter 12. The torque transmission 
capacity determiner 13 determines the torque 
transmission capacity in accordance with the out- 
put state of the engine 1 while the lock-up clutch 8 

10 is engaged. For example, the torque transmission 
capacity for a larger throttle opening is determined 
to a smaller value than that when the throttle open- 
ing is smaller. Alternatively, the torque transmission 
capacity is decreased or increased if the output 

75 characteristics are changed from lower to higher 
ones, as exemplified when a partial cylinder run- 
ning mode is changed to a full-cylinder running 
mode. 

The engine 1 has its output adjusted by the 

20 driver's operation of an accelerator pedal, and the 
output torque is increased or decreased according 
to the output characteristics at that time. In the 
engine 1 capable of having its output characteris- 
tics changed, moreover, the output characteristics 

25 are changed when the throttle opening exceeds a 
predetermined value, so that the engine torque 
stepwise increases. The output state detector 10 
detects a change, if any, in the output state of the 
engine 1 to output a signal. 

30 On the other hand, the lock-up detector 11 

detects the engagement, if any, of the lock-up 
clutch 8 to output a signal. 

The torque transmission capacity determiner 
13 determines the torque transmission capacity in 

35 accordance with the data of the signals, if inputted, 
from those detectors 10 and 11 and outputs a 
signal to the torque transmission capacity setter 12 
so that the torque transmission capacity of the 
aforementioned viscous coupling 9 may be the 

40 determined one. In response to the signal, the 
viscous coupling 9 is controlled by the torque 
transmission capacity setter 12 so that its torque 
transmission capacity reaches the determined one. 
The torque capacity of the transmission 

45 mechanism 3 in its entirety is determined on the 
basis of both the torque capacity of the torque 
converter 7 and the torque transmission capacity of 
the viscous coupling 9, and it takes the higher 
value as the latter two increase. Thus, the torque 

so capacity of the entire transmission mechanism 3 is 
varied by varying the torque transmission capacity 
of the viscous coupling 9, as described above. 

Therefore, when the engine output rises as the 
throttle opening increases, the maximum engine 

55 torque point can be exploited to improve the mile- 
age and the running performance by reducing the 
torque transmission capacity. If, moreover, the 
torque transmission capacity is increased when the 
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output characteristics of the engine 1 is changed to 
higher one, its rotational speed is not abruptly 
raised to prevent speed ratio from dropping and 
torque ratio from increasing. In other words, the 
driving force will not rise contrary to the intention of 5 
the driver. If, moreover, the torque transmission 
capacity is reduced when the output characteristics 
of the engine 1 is changed to higher one, the 
torque transmission capacity of the viscous cou- 
pling 9 arranged in parallel relationship with the io 
torque converter 7 is reduced to raise the torque 
ratio of the torque converter 7 and accordingly to 
increase the turbine torque so that an excellent 
running performance can be achieved. If, on the 
other hand, the output characteristics of the engine 75 
1 are the lower ones, the torque transmission ca- 
pacity of the viscous coupling 9 is relatively in- 
creased to reduce the slip of the transmission 
mechanism 3 in its entirety so that an efficient 
torque transmission can be achieved to improve 20 
the mileage. Since, in this case, the viscous cou- 
pling 9 has no torque amplifying action, the action 
of the transmission mechanism 3 for absorbing or 
reducing the vibrations caused the torque fluc- 
tuations of the engine 1 exceeds that of the case in 25 
which the torque is transmitted only through the 
torque converter 7, so that the riding comfort of the 
vehicle can be improved. 

A transmission mechanism shown in Fig. 2 
embodies the transmission mechanism 3 which has 30 
been described with reference to Fig. 1. A torque 
converter 20 has its housing 23 formed of a front 
cover 21 and the casing of a pump impeller 22. In 
the housing 23, there are disposed a turbine runner 
24 for receiving the torque from the pump impeller 35 
22 through AT oil, and a stator 25 for adjusting the 
flow direction of the AT oil confined in the housing 
23. Moreover, the aforementioned turbine runner 24 
is fixed on a hub 27 which is splined to an output 
shaft 26. A disc-shaped driven member 28 is fixed 40 
on that hub 27, and it is interposed between the 
turbine runner 24 and the front cover 21. 

Between the driven member 28 and the turbine 
runner 24, on the other hand, there is interposed an 
annular drive member 29 which can move in the 45 
axial direction. The opposed faces of the disc- 
shaped driven member 28 and the drive member 
29 are respectively formed with many annular pro- 
jections 30 and 31 which are concentric and have 
sections in comb-tooth shape so that they are fitted 50 
in each other. The sections of those annular projec- 
tions 30 and 31 are tapered, as shown, such that 
their gap becomes the narrower while their lap 
length being the longer as they mesh each other 
the deeper. 55 

Between the opposed driven member 28 and 
drive member 29, moreover, there is formed a 
cavity which has its inner and outer circumferences 


sealed up by X-shaped seals 32 and 32. The cavity 
confines therein highly viscous oil such as silicon 
oil and a suitable amount of air, thus forming a 
viscous coupling 33 of a variable capacity type 
viscous coupling. If the driven member 28 and the 
drive member 29 are brought toward each other, 
the highly viscous oil confined inbetween is pres- 
surized, and the gap between the two annular pro- 
jections 30 and 31 are narrowed to raise shearing 
resistance of the highly viscous oil and to increase 
the lap length thereby to increase the torque trans- 
mission capacity of the viscous coupling 33. 

On the other hand, the annular driven member 
29 is provided at its circumferential edge with a 
plurality of coil springs 34 of a torsional damper 
mechanism, which are supported by spring guide 
plates 35 and 35 for damping the rotational fluc- 
tuations of the drive member 29 to suppress the 
vibrations. By the spring guide plates 35 and 35, 
moreover, there is supported an annular clutch disc 
36 having a C-shaped section, which is allowed to 
move in the axial direction. A friction member 37 is 
adhered to the outer face (i.e., the lefthand face, as 
viewed in Fig. 2) of the clutch disc 36. Thus, this 
clutch disc 36 and the front cover 21 of the hous- 
ing 23 form together a lock-up clutch 38. 

This lock-up clutch 38 has its ON/OFF controls 
performed by the oil pressure in accordance with a 
predetermined lock-up map. 

Moreover, the disc-shaped driven member 28 
and the drive member 29 constituting the viscous 
coupling 33 are formed at their respective circum- 
ferential edges with annular taper faces 39 and 40, 
which are mechanically engaged to form a cone 
clutch 41. This cone clutch 41 can connect the 
driven member 28 and the drive member 29 me- 
chanically without any slip. 

For the ON/OFF control of the lock-up clutch 
38 and for the control of the torque transmission 
capacity of the viscous coupling 33, there are pro- 
vided an oil pressure control unit (as may be 
shortly referred to as w OPC w ) 42 and an electronic 
control unit (as may also be referred to as "ECU") 
43. 

The oil pressure control 42 is given: a function 
to change an oil passage for feeding the oil pres- 
sure from a port 44 communicating with the turbine 
24 more than the lock-up clutch 38 or, on the 
contrary, from a port 45 communicating With the 
front cover 21 more than the lock-up clutch 38; and 
a function to adjust a pressure difference (Pi - P2) 
between those two portions. The oil pressure circuit 
for those functions is simply exemplified in Fig. 3. 

The aforementioned ports 44 and 45 are con- 
nected to a pressure regulating/changing unit 46. 
This unit 46 is fed with a converter oil pressure P c 
which is established by an oil pump 47 and regu- 
lated by a secondary regulator valve 48. Moreover, 
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the pressure regulating/changing unit 46 is com- 
posed mainly of a single valve or a plurality of 
valves. The unit 46 changes the oil passage to feed 
the converter oil pressure P c to the port 44 and 
discharge it from the port 45 or, on the contrary, to 
feed the converter oil pressure P c to the port 45 
and discharge it from the port 44 on the basis of a 
signal pressure P S i, and regulates the pressure to 
be discharged from the port 45 in accordance with 
the level of the signal pressure Psj. 

The means for establishing the signal pressure 
Psi is exemplified in Fig. 3 by a signal pressure 
generator 49 including a solenoid valve. The signal 
pressure generator 49 outputs the oil pressure, 
which is generated in a solenoid valve such as a 
linear solenoid valve or a duty control solenoid 
valve capable of being electrically regulated, un- 
changeably as the signal pressure P S i, or the oil 
pressure which is regulated by another valve on 
the basis of the oil pressure generated by a sole- 
noid valve, as the signal pressure P S |. 

The signal pressure P SI thus outputted from the 
signal pressure generator 49 is inputted to the 
aforementioned pressure regulating/changing unit 
46 through a relay valve 50 which is turned on or 
off in response to oil pressures P B1 and Pb2 for 
engaging frictional engagement means such as a 
brake in the not-shown automatic transmission. 

In the structure shown in Fig. 3, more specifi- 
cally, the pressure difference (Pi - P 2 ) across the 
lock-up clutch 38 is raised by lowering the pres- 
sure at the port 45 for the higher signal pressure 
Psi. to engage the lock-up clutch 38 and to bring 
the aforementioned driven member 29 and drive 
member 28 toward each other thereby to increase 
the torque transmission capacity of the viscous 
coupling 33. If, on the contrary, the signal pressure 
Psi is lowered, the direction of feeding the con- 
verter oil pressure P c is reversed at the pressure 
regulating/changing unit 46 to feed the converter oil 
pressure P c to the port 45 and discharge it from 
the port 44. In this case, the lock-up clutch 38 is 
released. 

As has been described hereinbefore, the oil 
pressure circuit shown in Fig. 3 is controlled di- 
rectly by controlling the solenoid valve in the signal 
pressure generator 49. One example of the control 
means of the case in which the solenoid valve is 
exemplified by a linear solenoid valve, is shown in 
a block diagram in Fig. 4. 

The control means, as shown in Fig. 4, func- 
tionally forms a portion of the electronic control unit 
43 composed mainly of a microcomputer and cor- 
responds mainly to the torque transmission capac- 
ity determiner 13 of the means shown in Fig. 1. 
Specifically, the control means, as shown, is fed 
with a brake signal B from a brake switch 51, a 
throttle opening signal 6 from a throttle opening 


sensor 52, an idle signal i from an idle switch 53, a 
vehicle speed signal V from a vehicle speed sensor 

54. a gear stage signal G from a gear stage switch 

55, oil pressure signals SPi and SP 2 from oil 
5 pressure switches 56 and 57, and other signals (not 

shown). On the other hand, the control means 
comprises a torque transmission capacity decider 
58 for deciding a torque transmission capacity to 
be set at the aforementioned viscous coupling 33, 

io a control oil pressure determiner 59 and a control 
current value determiner 60. Thus, the control 
means determines and outputs a control current 
value for controlling the solenoid valve of the signal 
pressure generator 49 on the basis of the above- 

15 enumerated signals. Specifically, the torque trans- 
mission capacity decider 58 arithmetically decides 
the torque transmission capacity to be set in the 
viscous coupling 33 based upon the inputted in- 
dividual signals. The control oil pressure deter- 

20 miner 59 determines the oil pressure necessary for 
achieving the torque transmission capacity ob- 
tained at the torque transmission capacity decider 
58, i.e. , the pressure difference across the lock-up 
clutch 38. The control current value determiner 60 

25 determines the current value necessary for achiev- 
ing that pressure difference. 

Fig. 5 is a flow chart showing a control routine 
for controlling the torque transmission capacity on 
the basis of the throttle opening. At first, an initial 

30 setting is executed at Step 1 , and the values of the 
individual detected signals (B, 6 , i, V, G, SPi and 
SP 2 ) are then read in at Step 2. 

At Step 3, it is decided from the idle signal i 
whether or not the idle switch 53 is ON. If the idle 

35 switch 53 is OFF, namely, if the answer of Step 3 
is "NO", the control routine advances to Step 4. 

At Step 4, it is decided whether or not the 
brake switch 51 is ON. If the brake switch 51 is 
OFF, the routine advances to Step 5. 

40 At Step 5, it is decided whether or not the gear 

stage signal G is issued. If NO, the routine ad- 
vances to Step 6, at which a value Cv indicating the 
torque transmission capacity is determined. This 
value Cv is determined according to the relation 

45 among the throttle opening $ , the vehicle speed V 
and the gear stage G, and it takes the larger value 
for the smaller throttle opening e , the higher ve- 
hicle speed V and the higher gear stage G. 

This relation will be described in more detail in 

so the following. The torque transmission capacity Cv 
is determined on the basis of a map, as shown in 
Fig. 6. Specifically, Fig. 6 is a diagram plotting the 
relation between the torque transmission capacity 
Cv and the throttle opening 0 by using the vehicle 

55 speed V as a parameter. In the so-called "slip 
range" between the complete release and the com- 
plete engagement of the lock-up clutch 38, the 
torque transmission capacity Cv and the throttle 
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opening $ are set to be inversely proportional. It is 
further set that the decrease in the torque transmis- 
sion capacity according to the increase in the throt- 
tle opening 0 grows the more prominent for the 
high gear stage, i.e., the lower gear ratio. Specifi- 
cally, the torque transmission capacity Cv becomes 
lower as the throttle opening $ becomes higher, 
and it becomes higher as the throttle opening e 
becomes lower. 

Incidentally, the torque capacity (i.e., the con- 
verter capacity) of the torque converter in its en- 
tirety is determined on the basis both of a torque 
capacity T v which is determined according to the 
structure of the torque converter body constructed 
of the pump impeller 22, the turbine runner 24 and 
the stator 25, and of the torque transmission capac- 
ity Cv of the viscous coupling 33, so that it is 
increased or decreased in accordance with the 
torque transmission capacity Cv because the for- 
mer, i.e., the torque capacity T v takes a constant 
value for each speed ratio. Since the torque trans- 
mission capacity Cv and the throttle opening 0 are 
in the relationship shown in Fig. 6. the rotational 
speed ni and torque Ti of the input shaft when the 
torque transmission capacity Cv is varied are in the 
relationship shown in Fig. 7. As could be known 
from Fig. 7, the range of the maximum engine 
torque can be effectively exploited for each throttle 
opening $ . 

After the torque transmission capacity Cv has 
been determined as above, a target pressure dif- 
ference PAc is determined at Step 7. Fig. 8 is a 
map plotting the relation between the pressure 
difference PAc between the pressures Pi and P2 in 
the torque converter 20 and the torque capacity. 
On the basis of this map, the target pressure 
difference PAc is determined. At Step 8, moreover, 
the difference (i.e., actually measured pressure dif- 
ference) Pr (= Pi - P2) between the measured 
values of the pressures Pi and P2 across the lock- 
up clutch 38 is operated. 

At Step 9, the difference AP C (= PAc - Pr) 
between the target value PA C determined at Step 7 
and the measured pressure difference P R deter- 
mined at Step 8 is operated. 

Next, at Step 10, a corrected current value Al 
is computed. The aforementioned hydaulic circuit 
shown in Fig. 3 can be constructed such that the 
signal pressure P S i is raised by increasing the 
current at the solenoid valve in the signal pressure 
generator 49, and such that the pressure difference 
set by the pressure regulating/changing unit 46 is 
raised with an increase in the signal pressure P S |. 
In this case, the difference AP C (= PAc - Pr) 
between the computed pressure difference PAc 
and the measured pressure difference P R is in 
proportional relation to the corrected current value 
Al, as shown (Al = k • AP C ) in Fig. 9. At Step 10, 


therefore, the corrected current value Al is deter- 
mined on the basis of that proportional relation. At 
subsequent Step 11, a current value having the 
corrected current value Al is replaced by a control 

5 current I and is outputted to the aforementioned 
signal pressure generator 49. In other words, the 
lock-up control pressure PAc rises with an increase 
in the current I (as shown in Fig. 10). 

If, on the other hand, the answer of Step 3 is 

to "YES", namely, if the idle switch 53 is ON. the 
control routine advances to Step 12, at which the 
torque transmission capacity Cv is set to "0". As a 
result, the torque capacity (i.e., the converter ca- 
pacity) of the torque converter in its entirety is 

75 decreased to drop the input torque so that a 
vehicle equipped with a fuel injection system can 
decrease the fuel injection quantity at the idling 
time and can improve the mileage. 

If, moreover, the brake switch 51 is ON so that 

20 the answer of Step 4 is "YES", the routine ad- 
vances to Step 12, at which Cv = 0. This is 
intended to prevent an engine stall by reducing the 
torque capacity of the torque converter in its en- 
tirety. 

25 If, moreover, the answer of Step 5 is "YES" to 

decide that the automatic transmission is being 
shifted, the routine also advances to Step 12, at 
which Cv = 0. As a result, the torque capacity of 
the whole torque converter is lowered during the 

30 shifting so that the shift can be smoothed. 

In the torque converter having the aforemen- 
tioned control system, as has been described 
hereinbefore, the torque transmission capacity Cv 
of the viscous coupling 33 arranged in series with 

35 the lock-up clutch 38 is lowered if the throttle 
opening 6 is large as at a starting point or at an 
abrupt acceleration, if the vehicle speed is low or if 
it uses the gear stages for low speed. As a result, 
the torque ratio of the whole torque converter can 

40 be raised to provide a sufficient driving force (or 
acceleration). Since, in this case, no slip occurs in 
the frictional clutch, i.e., the lock-up clutch 38, the 
so-called "judder" can be prevented to improve the 
riding comfort, and the AT oil (or fluid) can be 

45 prevented from being contaminated. 

If, on the contrary, the vehicle is running at a 
constant medium or high speed with a small throt- 
tle opening, the torque transmission capacity by 
the lock-up clutch 38 increases to enhance the 

50 efficiency of the entire torque converter. Moreover, 
the half lock-up range can be extended, as hatched 
in Fig. 11, to improve the mileage. 

Next, here will be described the control of the 
torque transmission capacity of the torque con- 

55 verter in an automatic transmission which is con- 
nected to an engine having its output characteris- 
tics varied to two ways of high and low, such as a 
variable cylinder engine or an engine equipped 
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with a supercharger. 

Fig. 1 2 is a flow chart showing one example of 
the control routine of the torque transmission ca- 
pacity Cv in the aforementioned viscous coupling 
33 and directed to an automatic transmission which 
is connected to a variable cylinder engine. More- 
over, the controls to be described in the following 
are used for the control of torque transmission 
capacity in the viscous coupling 33 which is ar- 
ranged in series with the lock-up clutch 38, and 
presumes that the lock-up clutch 38 is engaged. 

After an initial setting has been executed at 
Step 100, the individual detected signals are read 
in at Step 101. The signals are the brake signal B, 
the throttle opening 0 , the idle signal i, the vehicle 
speed signal V, the gear stage signal G, the oil 
pressure signals Spi and Sp2, and a cylinder num- 
ber signal K and other signals. 

At subsequent Step 102 t it is decided whether 
or not the idle signal i is "ON". If "NO", the control 
routine advances to Step 103. at which it is de- 
cided whether or not the brake signal B is "ON". If 
"NO", the routine further advances to Step 104, at 
which it is decided whether the gear stage signal G 
is at "0 W or "5". The neutral state is indicated if the 
gear stage signal G is at "0", and the shifting 
operation is indicated if the gear stage signal G is 
at "5". If neither of the two values, the routine 
advances to Step 1 05, at which it is decided wheth- 
er or not the cylinder number signal K is at "0". 

The partial cylinder running mode (e.g., the 
two-cylinder running mode) is indicated if the cyl- 
inder number signal K is at "0", and the full cyl- 
inder running mode (e.g., the four-cylinder running 
mode) is indicated if at "1". If, therefore, the an- 
swer of Step 105 is "NO", the routine advances to 
Step 106, at which the map group for the full 
cylinder running mode is selected. If, on the con- 
trary, the answer is "YES", the routine advances to 
Step 107, at which the map group for the partial 
cylinder running mode is selected. 

These map groups are exemplified in Figs. 13 
and 14, of which Fig. 13 presents the map group 
for the full cylinder running mode whereas Fig. 14 
presents the map group for the partial cylinder 
running mode. The maps determine the relation 
between the throttle opening e and the torque 
transmission capacity Cv in the viscous coupling 33 
by using the vehicle speed as a parameter and are 
prepared for the individual gear stages of 1 st to 4th 
speeds. 

The difference between the maps for the full 
and partial cylinder running modes is that the value 
of the torque transmission capacity Cv for a pre- 
determined throttle opening is generally set to a 
larger value in the map for the full cylinder running 
mode. This difference is exemplified in Fig. 15 
plotting the characteristic curves for the full cyl- 


inder running mode (solid line) and the characteris- 
tic curves for the partial cylinder running mode 
(dash line) at a certain gear stage and at a certain 
vehicle speed. 

5 Specifically in Fig. 15, a characteristic curve ao 

corresponds to a characteristic curve ai, and a 
characteristic curve bo corresponds to a character- 
istic curve bi . No characteristic curve for the partial 
cylinder running mode is provided but Cv = 0 for a 

10 characteristic curve Ci . 

As could be seen from Fig. 15, therefore, the 
torque transmission capacity Cv of the viscous cou- 
pling 33 in the full cylinder running mode in which 
the engine has higher output characteristics, is set 

75 to a larger value than that in the partial cylinder 
running mode. In other words, in the partial cyl- 
inder running mode having lower output character- 
istics, the torque amplification of the viscous cou- 
pling 33 is utilized by decreasing the torque trans- 

20 mission capacity in the viscous coupling 33 and 
increasing the torque transmission in the torque 
converter. 

Since the maps are prepared for the individual 
gear stages, as described above, the map to be 

25 used is determined (at Step 108 or 109) for each 
running mode on the basis of the gear stage. 

Here will be described the difference of the 
characteristic curves for each gear stage. Fig. 16 
plots the relations between the throttle opening and 

30 the torque transmission capacity Cv by using the 
gear stages as a parameter. As could be seen from 
Fig. 16, the torque transmission capacity Cv is 
made the lower for the lower gear stage in each 
map. This is because the torque amplification of 

35 the viscous coupling 33 is sufficiently utilized by 
decreasing the torque transmission in the viscous 
coupling 33 and increasing the torque transmission 
in the torque converter, since the higher power 
performance is required for the lower gear stage. 

40 After a map has been selected for each run- 

ning mode, as described above, the torque trans- 
mission capacity Cv according to the throttle open- 
ing and the vehicle speed at that time is deter- 
mined at Step 1 10 from the selected map. 

45 At subsequent Step 1 1 1 , a target pressure dif- 

ference PAc is determined. Specifically, this target 
value PAc is determined on the basis of the map of 
Fig. 8 like the foregoing example of control. 

At Step 112, on the other hand, the difference 

so (i.e., the actually measured difference) P R (= P^ - 
P2) between the measured values of the pressures 
Pi and P2 across the lock-up clutch 38 is com- 
puted. 

At Step 113, moreover, the pressure difference 
55 AP C (= PAc - Pr) between the target value PAc 
determined at Step 111 and the measured pres- 
sure difference P R determined at Step 112 is com- 
puted. 
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Next, at Step 114, the corrected current value 
Al is computed. Since this corrected current value 
Al is in proportion to the difference AP C , as shown 
in Fig. 9, it is determined at Step 114 on the basis 
of the proportional relation. At subsequent Step 
115, the current value having the corrected current 
value Al is replaced by the control current I and 
outputted to the aforementioned signal pressure 
generator 49. 

Then, the control routine is returned to up- 
stream of the Step 1 01 . 

In the aforementioned controls flowing from 
Step 101 to Step 115, therefore, the running mode 
is changed from the partial to full cylinder ones as 
the throttle opening increases. If the output char- 
acteristics of the engine are changed to the higher 
ones, the torque transmission capacity Cv of the 
viscous coupling 33 arranged in parallel relation- 
ship with the torque converter 20 increases. As a 
result, the torque capacity of the whole transmis- 
sion mechanism connecting the engine and the 
automatic transmission increases to prevent any 
abrupt rise of the engine rotations and any abrupt 
acceleration. 

This will be explained in the following with 
reference to the accompanying drawings. 

Of the torque characteristic curves shown in 
Fig. 17, the solid curves indicate the torque char- 
acteristics in the full cylinder running mode, and 
the dash curves indicate the torque characteristics 
in the partial cylinder running mode. Moreover, 
reference letter ei designate the speed ratio of the 
case (i.e., Tci + T v ) in which the torque transmis- 
sion is effected both by the torque converter 20 
and by the viscous coupling 33, and letter e© 
designates the speed ratio of the case (i.e., T C i) in 
which the torque transmission is effected only by 
the torque converter 20. 

If the throttle opening is medium and in the 
partial cylinder running mode, if the torque trans- 
mission capacity Cv in the viscous coupling 33 is at 
"0" and if the speed ratio eo is at "0.5", the 
running state is expressed at point A in Rg. 17. If 
the accelerator pedal is depressed from the above- 
specified state to increase the throttle opening, the 
running state shifts to point B of Rg. 17 with the 
assumption that the speed ratio is unchanged. If, at 
this time, the running mode is changed from the 
partial to full cylinder ones, the output torque char- 
acteristics are changed from those indicated by the 
dash lines to those indicated by the solid lines. As 
a result, the running mode shifts to point C, at 
which the solid torque characteristic curve having a 
throttle opening identical to the preceding one in- 
tersects the curve of ei = 0.5, so that the torque is 
stepwise (or discontinuously) changed. In other 
words, the torque capacity of the transmission 
mechanism in its entirety increases with the rise of 


the input torque to hold the speed ratio substan- 
tially constant so that the torque ratio t will be 
slightly changed, as shown in Rg. 18. As a result, 
the rotational speed of the engine will not abruptly 

5 rise. Since the speed ratio does not drop, the 
driving force of the vehicle will not abruptly rise. 
Incidentally, reference letters A to F appearing in 
Rg. 18 correspond to those A to F in Rg. 17. 

As the vehicle speed increases with the in- 

ro crease in the torque, the speed ratio ei will rise so 
that the running state shifts to that indicated by 
point D in Rg. 17. If the driver then decides that a 
necessary speed is obtained, he can release the 
accelerator pedal, to reduce the throttle opening so 

75 that the running state will shift to that indicated by 
point E. If the running mode is changed to the 
partial cylinder one, it will further shift to that in- 
dicated by point Fin Rg. 1 7. 

The aforementioned changes in the throttle 

20 opening, the engine torque and the vehicle driving 
force are plotted in time series in Rg. 19, as in Rg. 
32. The difference AT A between the vehicle driving 
force in the running mode (at time te), as indicated 
by point B in Rg. 17, and the vehicle driving force 

25 in the running mode (at time U), as indicated by 
point C in Rg. 17 is smaller than that of the control 
system of the prior art, as shown in Fig. 32. Thus, 
it is apparent that there increases no excessive 
increase of driving force which is not expected by 

30 the driver will occur. 

Here, reference is returned to the flow chart of 
Rg. 12. If the answers at individual Steps 102, 103 
and 104 are "YES", the control routine advances to 
Step 116, at which the torque transmission capac- 

35 ity Cv is determined to "0". For this, the current 
value I is set (at Step 117) to "0", having the 
reasons as follows. 

If the torque transmission capacity Cv of the 
viscous coupling 33 is at "0" on idling, the con- 

40 verter capacity of the entire transmission mecha- 
nism drops so that the mileage can be improved 
by reducing the fuel injection quantity on idling. 

By setting the torque transmission capacity Cv 
of the viscous coupling 33 to "0" on braking, 

45 moreover, the converter capacity of the entire 
transmission mechanism can be reduced to pre- 
vent the engine stall. 

If, still moreover, the torque transmission ca- 
pacity Cv of the viscous coupling 33 in the neutral 

so state is set to "0", the shifting shocks at the time of 
a manual shift to the driving range or reverse range 
can be prevented together with those on shifting. 

In the control system thus far described, if the 
output characteristics of the engine are the lower 

55 ones, the torque transmission capacity of the vis- 
cous coupling 33 is decreased to reduce the con- 
verter capacity of the entire transmission mecha- 
nism. Thus, the speed ratio is lowered whereas the 


11 


21 


EP 0 488 358 A1 


22 


torque ratio is heightened so that a high driving 
force can be achieved even in the partial cylinder 
running mode. 

If, on the contrary, the engine torque is raised, 
the converter capacity of the entire transmission 
mechanism is enlarged with the increase in the 
torque transmission capacity of the viscous cou- 
pling 33 to heighten the speed ratio so that the 
efficiency and accordingly the mileage can be im- 
proved. 

As has been apparent from the foregoing em- 
bodiment, according to the present invention, the 
disadvantage accompanying the discontinuous 
change in the output torque characteristics of the 
engine is eliminated by controlling the torque trans- 
mission capacity of the viscous coupling. There- 
fore, the present invention can be applied to an 
automatic transmission which is connected to an 
engine having its output torque characteristics var- 
ied to at least two output torque characteristics of 
higher and lower ones as in the variable cylinder 
engine exemplified in the foregoing embodiment. 
The engine of this kind can be exemplified by an 
engine equipped with a supercharger or a lean 
combustion engine. If the present invention is ap- 
plied to the automatic transmission connected to 
such engine, the control system may increase the 
torque transmission capacity of the viscous cou- 
pling when the supercharger is to be operated or 
when the stoichiometric combustion is to be ac- 
complished. 

Here will be described an example of control- 
ling the torque transmission capacity Cv of the 
torque converter of the automatic transmission 
which is connected to the engine equipped with the 
supercharger. 

Fig. 20 is a flow chart showing one example of 
the control routine of the torque transmission ca- 
pacity Cv in the aforementioned viscous coupling 
33 and directed to an automatic transmission which 
is connected to an engine equipped with a super- 
charger. Moreover, the controls to be described in 
the following are used for the torque transmission 
capacity in the viscous coupling 33 which is ar- 
ranged in series with the lock-up clutch 38, and it 
presumes that the lock-up clutch 38 is engaged. 

After an initial setting has been executed at 
Step 200, the individual detected signals are read 
in at Step 201. The signals are the brake signal B, 
the throttle opening $ , the idle signal i, the vehicle 
speed signal V, the gear stage signal G, the oil 
pressure signals S P i and Sp2, a supercharge run- 
ning signal L and other signals. 

At subsequent Step 202, it is decided whether 
or not the idle signal i is "ON". If "NO", the control 
routine advances to Step 203, at which it is de- 
cided whether or not the brake signal B is "ON". If 
"NO", the routine further advances to Step 204, at 


which it is decided whether the gear stage signal G 
is at "0" or "5". The neutral state is indicated if the 
gear stage signal G is at "0", and the shifting 
operation is indicated if the gear stage signal G is 
5 at "5". If neither of the two values, the routine 
advances to Step 205, at which it is decided wheth- 
er or not the supercharge running signal L is at 

The running mode (i.e., the supercharged run) 
70 in which the output characteristics are heightened 
by operating the supercharger is indicated if the 
supercharge running signal L is at "1", and the 
running mode (i.e., the non-supercharged run) in 
which the output characteristics are lowered by 
75 stopping the supercharger is indicated if at "0". If, 
therefore, the answer of Step 205 is "NO", the 
control routine advances to Step 206, at which the 
map group for the non-supercharged running mode 
is selected. If, on the contrary, the answer is 
20 "YES", the routine advances to Step 207, at which 
the map group for the supercharged running mode 
is selected. 

These map groups are exemplified in Figs. 21 
and 22, of which Fig. 21 presents the map group 

25 for the non-supercharged running mode whereas 
Fig. 22 presents the map group for the superchar- 
ged running mode. The maps determine the rela- 
tion between the throttle opening e and the torque 
transmission capacity Cv in the viscous coupling 33 

30 by using the vehicle speed as a parameter and are 
prepared for the individual gear stages of 1 st to 4th 
speeds. 

The difference between the maps for the non- 
supercharged and supercharged running modes is 
35 that the value of the torque transmission capacity 
Cv for a predetermined throttle opening is generally 
set to a smaller value in the map for the superchar- 
ged running mode. This difference is exemplified in 
Fig. 23 plotting the characteristic curves for the 
40 non-supercharged running mode (by solid lines) 
and the characteristic curves for the supercharged 
running mode (by dash lines) at a certain gear 
stage and at a certain vehicle speed. 

Specifically in Fig. 23, a characteristic curve Ao 
45 corresponds to a characteristic curve Ai, and a 
characteristic curve Bo corresponds to a character- 
istic curve Bi. No characteristic curve for the 
supercharged running mode is provided but Cv = 
0 for a characteristic curve Ci . 
50 As could be seen from Fig. 23, therefore, the 

torque transmission capacity Cv of the viscous cou- 
pling 33 in the supercharged running mode in 
which the engine has higher output characteristics 
is set to a smaller value than that in the non- 
55 supercharged running mode. In other words, in the 
supercharged running mode having higher output 
characteristics, the torque amplification of the vis- 
cous coupling 33 is utilized by decreasing the 
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torque transmission capacity in the viscous cou- 
pling 33 and increasing the torque transmission in 
the torque converter. 

Since the maps are prepared for the individual 
gear stages, as described above, the map to be 
used is determined (at Step 208 or 209) for each 
running mode on the basis of the gear stage. 

Here will be described the difference of the 
characteristic curves for each gear stage. Fig. 24 
plots the relations between the throttle opening and 
the torque transmission capacity Cv by using the 
gear stages as a parameter. As could be seen from 
Fig. 24, the torque transmission capacity Cv is 
made the lower for the lower gear stage in each 
map. This is because the torque amplification of 
the viscous coupling 33 is sufficiently utilized by 
decreasing the torque transmission in the viscous 
coupling 33 and increasing the torque transmission 
in the torque converter, since the higher power 
performance is required for the lower gear stage. 

After a map has been selected for each run- 
ning mode, as described above, the torque trans- 
mission capacity Cv according to the throttle open- 
ing and the vehicle speed at that time is deter- 
mined at Step 210 from the selected map. 

At subsequent Step 21 1 , a target pressure dif- 
ference PAc is determined. Specifically, this target 
value PAc is determined on the basis of the map of 
Fig. 8 like the foregoing example of control. 

At Step 212, on the other hand, the difference 
(i.e.. the actually measured difference) P R (= Pi - 
P 2 ) between the measured values of the pressures 
P^ and P2 across the lock-up clutch 38 is com- 
puted. 

At Step 213, moreover, the difference AP C ( = 
PAc - Pr) between the target value PA C deter- 
mined at Step 211 and the measured pressure 
difference P R determined at Step 212 is computed. 

Next, at Step 214, the corrected current value 
Al is computed. Since this corrected current value 
Al is in proportion to the difference AP C . as shown 
in Fig. 9, it is determined at Step 214 on the basis 
of the proportional relation. At subsequent Step 
215, the current value being added the corrected 
current value Al is replaced by the control current I 
and outputted to the aforementioned signal pres- 
sure generator 49. 

Then, the control routine is returned to up- 
stream of the Step 201 . 

In the aforementioned controls flowing from 
Step 201 to Step 215, therefore, the running mode 
is changed from the non-supercharged to super- 
charged ones as the throttle opening increases. If 
the output characteristics of the engine are 
changed to the higher ones, the torque transmis- 
sion capacity Cv of the viscous coupling 33 ar- 
ranged in parallel relationship with the torque con- 
verter 20 is decreased. As a result, the torque 


transmission by the torque converter 20 increases, 
and the turbine torque, i.e., the output shaft torque 
is raised by the torque amplification. 

This will be described in the following with 
5 reference to Fig. 25. 

In the aforementioned controls, more specifi- 
cally, the torque transmission capacity of the vis- 
cous coupling 33 decreases to reduce the speed 
ratio e at the torque converter 20 and heighten the 
10 torque ratio, if the output characteristics of the 
engine are the higher ones. As a result, the char- 
acteristics of the torque converter match the peak 
of the engine torque, as indicated by ® in Fig. 25, 
and it is possible to obtain an excellent power 
75 performance. If, on the other hand, the engine 
output characteristics are the lower ones, the 
torque transmission capacity of the viscous cou- 
pling 33 is increased to enlarge the speed ratio e 
of the torque converter 20 so that the characteris- 
20 tics of the torque converter match the peak of the 
engine torque, as indicated by © in Fig. 25. In 
short, the torque transmission can be accomplished 
efficiently with little slip to improve the mileage. 
Since, in this case, much torque is transmitted by 
25 the viscous coupling 33 having no torque amplifica- 
tion, the vibrations to be caused by the torque 
fluctuations of the engine are hardly transmitted to 
downstream of the transmission mechanism to in- 
vite an advantage in reducing the vibrations and 
30 the booming noise. 

If, in the flow chart of Fig. 20, the answers of 
Steps 202, 203 and 204 are "YES", the control 
routine advances to Step 216, at which the torque 
transmission capacity Cv is determined to "O". For 
35 this determination, moreover, the current value I is 
set (at Step 217) to w 0 n . The reason for providing 
such control routine is similar to that for the fore- 
going control routine. 

Here will be synthetically described the advan- 
40 tages to be attained by the present invention. In the 
present invention, since the torque transmission 
capacity of the variable capacity type viscous cou- 
pling connected in parallel relationship with the 
coupling for transmitting a torque through a fluid is 
45 controlled in accordance with the output condition 
of the engine, the lock-up range can be extended 
to improve the mileage and the running perfor- 
mance. Moreover, it is possible to prevent the 
abrupt increases in the engine rotations and in the 
50 driving torque and to improve the riding comfort of 
the vehicle. 

A control system for use in an automatic trans- 
mission which is connected to an engine com- 
prises: a fluid coupling for transmitting a torque 
55 between an input member and an output member; 
a lock-up clutch adapted to be selectively engaged 
with and released from the input member; and a 
variable capacity type viscous coupling arranged in 
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series between the lock-up clutch and the output 
member. The control system comprises: a lock-up 
detector for detecting that the lock-up clutch is 
engaged; an output state detector for detecting an 
output state of the engine; a torque transmission 
capacity determiner for determining a torque trans- 
mission capacity of the variable capacity type vis- 
cous coupling in accordance with the output state 
of the engine which is detected by the output state 
detector, if the lock-up detecting means detects 
that the lock-up clutch is engaged; and a mecha- 
nism for setting the torque transmission capacity of 
the variable capacity type viscous coupling to said 
determined torque transmission capacity. 

Claims 

1. In an automatic transmission connected to an 
engine and comprising: a fluid coupling for 
transmitting a torque between an input mem- 
ber and an output member; a lock-up clutch 
adapted to be selectively engaged with and 
released from said input member; and a vari- 
able capacity type viscous coupling arranged 
in series between said lock-up clutch and said 
output member, 

a control system comprising: 

lock-up detecting means for detecting that 
said lock-up clutch is engaged; 

output state detecting means for detecting 
an output state of said engine; 

torque transmission capacity determining 
means for determining a torque transmission 
capacity of said variable capacity type viscous 
coupling in accordance with the output state of 
said engine which is detected by said output 
state detecting means, if said lock-up detecting 
means detects that said lock-up clutch is en- 
gaged; and 

a mechanism for setting the torque trans- 
mission capacity of said variable capacity type 
viscous coupling to said determined torque 
transmission capacity. 

2. A control system in an automatic transmission 
according to Claim 1 , wherein 

said output state detecting means includes 
means for detecting a throttle opening of said 
engine, and 

said torque transmission capacity deter- 
mining means includes means for determining 
the torque transmission capacity to a smaller 
value as said throttle opening increases, and to 
a larger value as said throttle opening de- 
creases. 

3. A control system in an automatic transmission 
according to Claim 1 , wherein 


said engine includes output characteristic 
changing means for changing its output char- 
acteristics to at least two characteristics of 
higher and lower outputs, and 
5 said output state detecting means includes 

output characteristic detecting means for de- 
tecting the output characteristics of said en- 
gine, which have already been changed by 
said output characteristic changing means. 

10 

4. A control system in an automatic transmission 
according to Claim 3, wherein 

said torque transmission capacity deter- 
mining means includes means for determining 

75 said torque transmission capacity of the case 

in which said output state detecting means 
detects that the output characteristics of said 
engine are the high ones is set to smaller 
value than that of the case in which said output 

20 state detecting means detects that said torque 

transmission capacity are the lower ones. 

5. A control system in an automatic transmission 
according to Claim 3, wherein 

25 said torque transmission capacity deter- 

mining means includes means for determining 
said torque transmission capacity of the case 
in which said output characteristic detecting 
means detects that the output characteristics 

30 of said engine are the high ones is set to a 

larger value than that of the case in which said 
output characteristics detecting means detects 
that said torque transmission capacity are the 
lower ones. 

35 

6. A control system in an automatic transmission 
according to Claim 3, wherein 

said engine includes cylinder number 
changing means for changing the number of 

40 cylinders to cause combustion, 

said output characteristic detecting means 
includes means for detecting that a running 
mode of said engine is a partial cylinder run- 
ning mode having a reduced number of op- 

45 erating cylinders, and 

said torque transmission capacity deter- 
mining means includes means for determining 
the torque transmission capacity of the case in 
which the partial cylinder running mode is de- 

50 tected is set to a larger value than that of the 

case in which the partial cylinder running 
mode is not detected. 

7. A control system in an automatic transmission 
55 according to Claim 3, wherein 

said engine includes air/fuel ratio changing 
means for changing a normal operation in 
which an air/fuel ratio is a substantially 
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stoichiometric ratio, and a lean combustion op- 
eration in which the air/fuel ratio is higher than 
the stoichiometric ratio. 

said output characteristic detecting means 
includes means for detecting whether said en- 
gine is in the normal operation or the lean 
combustion operation, and 

said torque transmission capacity deter- 
mining means includes means for determining 
that the torque transmission capacity of the 
case in which the normal operation is detected 
is set to a larger value than that of the case in 
which the lean combustion operation is de- 
tected. 

8. A control system in an automatic transmission 
according to Claim 3, wherein 

said engine includes a supercharger, 
said output characteristic detecting means 
includes means for detecting that said super- 
charger is in operation, and 

said torque transmission capacity deter- 
mining means includes means for determining 
that the torque transmission capacity of the 
case in which it is detected that said super- 
charger is in operation is set to a larger value 
than that of the case in which it is not detected 
that said supercharger is in operation. 

9. A control system in an automatic transmission 
according to Claim 3, wherein 

said engine includes cylinder number 
changing means for changing the number of 
cylinders to cause combustions, 

said output characteristic detecting means 
includes means for detecting that a running 
mode of said engine is a partial cylinder run- 
ning mode having a reduced number of op- 
erating cylinders, and 

said torque transmission capacity deter- 
mining means includes means for determining 
that the torque transmission capacity of the 
case in which the partial cylinder running 
mode is detected is set to a smaller value than 
that of the case in which the partial cylinder 
running mode is not detected. 

10. A control system in an automatic transmission 
according to Claim 3, wherein 

said engine includes air/fuel ratio changing 
means for changing a normal operation in 
which an air/fuel ratio is a substantially 
stoichiometric ratio, and a lean combustion op- 
eration in which the air/fuel ratio is higher than 
the stoichiometric ratio, 

said output characteristic detecting means 
includes means for detecting whether said en- 
gine is in the normal operation or the lean 


combustion operation, and 

said torque transmission capacity deter- 
mining means includes means for determining 
that the torque transmission capacity of the 
5 case in which the normal operation is detected 

is set to a smaller value than that of the case 
in which the lean combustion operation is de- 
tected. 

70 11. A control system in an automatic transmission 
according to Claim 3, wherein 

said engine includes a supercharger, 
said output characteristic detecting means 
includes means for detecting that said super- 
75 charger is in operation, and 

said torque transmission capacity deter- 
mining means includes means for determining 
that the torque transmission capacity of the 
case in which it is detected that said super- 
20 charger is in operation is set to a smaller value 

than that of the case in which it is not detected 
that said supercharger is in operation. 

12. A control system in an automatic transmission 
25 according to Claim 1, further comprising 

means for detecting an idling state, 

wherein said torque transmission capacity 
determining means includes means for deter- 
mining that the torque transmission capacity of 
30 the case in which the idling state is detected is 

set substantially to zero. 

13. A control system in an automatic transmission 
according to Claim 1, further comprising 

35 means for detecting a braking state, 

wherein said torque transmission capacity 
determining means includes means for deter- 
mining that the torque transmission capacity of 
the case in which the braking state is detected 

40 is set substantially to zero. 

14. A control system in an automatic transmission 
according to Claim 1, further comprising 
means for detecting that a shift is being ex- 

45 ecuted, 

wherein said torque transmission capacity 
determining means includes means for deter- 
mining that the torque transmission capacity is 
set substantially to zero during the shift. 

50 

15. A control system in an automatic transmission 
according to Claim 1, further comprising 
means for detecting a gear stage which is set 
in said automatic transmission, 

55 wherein said torque transmission capacity 

determining means includes means for deter- 
mining that the torque transmission capacity of 
the case in which a lower gear stage is de- 
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tected is set to a smaller value than that of the 
case in which a higher gear stage is detected. 

16. A control system in an automatic transmission 
according to Claim 1, further comprising 
means for detecting that said automatic trans- 
mission is in a neutral state, 

wherein said torque transmission capacity 
determining means includes means for deter- 
mining that the torque transmission capacity is 
set substantially to zero if the neutral state is 
detected. 

17. In an automatic transmission connected to an 
engine and comprising: a fluid coupling for 
transmitting a torque between an input mem- 
ber and an output member a lock-up clutch 
adapted to be selectively engaged with and 
released from said input member; and a vari- 
able capacity type viscous coupling arranged 
in series between said lock-up clutch and said 
output member, 

a control method comprising: 

a first step of detecting that said lock-up 
clutch is engaged; 

a second step of detecting an output state 
of said engine; and 

a third step of determining the torque 
transmission capacity of said variable capacity 
type viscous coupling in accordance with the 
detected output state of said engine if it is 
detected that said lock-up clutch is engaged. 

18. A control method in an automatic transmission 
according to Claim 1 7, wherein 

a throttle opening of said engine is de- 
tected at said second step, and 

the torque transmission capacity is set to a 
smaller value as the throttle opening increases, 
and to a larger value as the throttle opening 
decreases at said third step. 

19. A control method in an automatic transmission 
according to Claim 17, further comprising an 
output characteristic changing means for 
changing its output characteristics of the en- 
gine to at least two output characteristics of 
higher and lower ones, and 

wherein the output characteristics of said 
engine which have already been changed by 
said output characteristic changing means is 
detected at said second step. 

20. A control method in an automatic transmission 
according to Claim 19, 

wherein the torque transmission capacity 
of the case in which it is detected at said 
second step that said engine has the higher 


output characteristics is set to a smaller value 
than that of the case in which it is detected 
that said engine has the lower output char- 
acteristics at said third step. 

5 

21. A control method in an automatic transmission 
according to Claim 19, 

wherein the torque transmission capacity 
of the case in which it is detected at said 
io second step that said engine has the higher 

output characteristics is set to a larger value 
than that of the case in which it is detected 
that said engine has the lower output char- 
acteristics at said third step. 

75 

2Z A control method in an automatic transmission 
according to Claim 19, wherein 

said engine includes cylinder number 
changing means for changing the number of 

20 cylinders to cause combustions, 

whether or not a running mode of said 
engine is a partial cylinder running mode hav- 
ing a reduced number of operating cylinders is 
detected at said second step, and 

25 the torque transmission capacity of the 

case in which the partial cylinder running 
mode is detected is set to a larger value than 
that of the case in which the partial cylinder 
running mode is not detected at said third 

30 step. 

2a A control method in an automatic transmission 
according to Claim 19, wherein 

said engine includes a supercharger, 
35 whether or not said supercharger is in op- 

eration is detected at said second step, and 

the torque transmission capacity of the 
case in which it is detected that said super- 
charger is in operation is set to a smaller value 
40 than that of the case in which it is not detected 

that said supercharger is in operation at said 
third step. 
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